Cross-strain quorum sensing inhibition by Staphylococcus aureus. Part 1: A spatially homogeneous model.
Staphylococcus aureus uses the agr quorum sensing (QS) system to regulate reciprocally colonisation and virulence factor production. S. aureus strains can be divided into four agr groups: those within a specific agr group activate the QS systems of strains belonging to the same group, while inhibiting agr expression in strains of other groups. Furthermore, agr homologues exist in many more species of gram-positive bacteria, raising the likelihood of cross-species interference. In principle, a non-pathogenic strain of S. aureus or other species of bacteria employing agr could be engineered to inhibit the QS systems of pathogenic strains using agr, thus down-regulating their production of virulence factors. We present three models of the agr operon belonging to strains competing for dominance, each comprising one of the three possible phosphorylation cascades governing the two component system (TCS) of the agr system. Bifurcation analyses clarify the aspects of QS most crucial in determining the efficacy of using a non-pathogenic strain for therapeutic purposes if the target TCS cascade is known and illustrate the qualitative and quantitative differences which occur as a result of mechanistic differences between the models. We highlight those results that, in concert with appropriate experimental data, would be most useful in ascertaining whether or not a classical TCS is in operation in a particular strain if this information is unknown.